Erioderma pedicellatum (Hue) P. M. Jørg. (1972) is a globally endangered lichen known from only four countries worldwide. The Atlantic population in Nova Scotia, Canada has been declining for at least the last several decades. The population has been closely monitored between 2003 and 2012 to determine mortality rates by life stage and population growth. A population viability model was created to assess the future viability of this population. The population declined by 12.8% over the ten year monitoring period. Mortality rates for juveniles were significantly lower than for adults. The population viability model suggests the population in Nova Scotia will decline by 49% within 25 years. Conservation measures aimed at prolonging adult survival or increasing juvenile survival is, according to the model, the best way to maintain the population.
Erioderma pedicellatum is a foliose cyanolichen in the family Pannariaceae that was first collected in Canada from Campobello Island, Charlotte County, New Brunswick, in 1902, by William Gilson Farlow. Initially it was identified as a species of Pannaria and named P.
pedicellata Hue by the French botanist Auguste-Marie Hue (Jørgensen 2001) . In 1972 the type specimen was re-examined by Per Magnus Jørgensen and transferred to the genus Erioderma.
It was initially called E. Boreale (Ahti and. Jørgensen, 1971) and then E. pedicellatum (Hue) P.M.
Jørg (Jørgensen 1972) . It is an unusual lichen, both because of its laminal apothecia (lacking in other Erioderma species) and its boreal distribution (Jørgensen 2001) .
The cyanobacterial photobiont was identified as a Scytonema sp. but is now thought to be a Rhizonema sp. (Cornejo and Sheidegger 2009) . Recent molecular study suggests that all lichenized Sctonema sp. studied so far are actually a new genetically distinct lichenized genus Rhizonema (Lücking et al. 2009 ). The thallus of E. pedicellatum is foliose with a diameter of 2-5 cm, occasionally reaching 12 cm. It has a distinctively fuzzy upper surface that is greyish-brown when dry and slate-green when moist. The underside is white, and its edges usually curl upwards, giving it the appearance of having a white fringe. It differs from the two other North (COSEWIC 2002 , COSEWIC 2014 .
Erioderma pedicellatum is now known from Eastern Canada, Norway and Alaska ) and possibly a population in the Kamchatka Peninsula of Siberia (Scheidegger personal communication 2013) . Despite being protected, the known extant occurrence in Sweden disappeared after adjacent forestry is thought to have changed the microclimate (Purvis 2000) .
The International Union for the Conservation of Nature listed the world population of E. pedicellatum critically endangered in 2003 (Scheidegger 2003) . However, a recent discovery of a large population of E. pedicellatum in Denali Park, Alaska may suggest the world population is less critically endangered than initially thought (Nelson et al. 2009 , Stehn et al. 2013 .
In eastern Canada the Atlantic population of E. pedicellatum, known historically from New Brunswick and currently from Nova Scotia, is listed nationally and provincially as endangered while the boreal population on the Island of Newfoundland is listed as a Species of Special Concern (COSEWIC 2014). Both the Boreal and Atlantic populations have declined over the last several decades (COSEWIC, 2002 , Cameron et al. 2010 , Goudie et al. 2011 . A 90% decline in the number of occurrences in the Atlantic population was recorded between 1980 and 2000 (COSEWIC 2002) . Several possible causes of this decline have been identified or proposed (Cameron et al. 2010 , Cameron et al. 2013a , Cameron et al. 2013b , one reason being that little is known about the population ecology of this species. An understanding of the population structure, fecundity rates and survival of different growth stages would help identify the main cause of the decline and assist in conservation efforts.
D r a f t 5 The Atlantic population E. pedicellatum has been carefully monitored since 2003 (Cameron et al. 2013a ) and frequent surveys for new thalli have also been done in predicted habitat (Cameron and Neily 2008) . The aim of the present study was to analyze these data to determine survival of the known population and at different growth stages and develop a population model to assess future population viability.
Methods

Study Area
The study area was the Atlantic coastal rain forest of Nova Scotia. This forest occurs along the Atlantic slope of Nova Scotia as a linear coastal band varying in width from about 30 to 60 km and about 500 km long from the southwest of the province in Shelburne County to the northeast in Cape Breton County (Clayden et al. 2011 ). This forest is characterized by warm winters with a mean temperature of -4.5 o C and cool summers with a mean temperature of 16.4 o C. Precipitation is high, generally exceeding 1400 mm annually in many locations. Much of the precipitation falls as rain, averaging 85% of total precipitation for many locations (Clayden et al. 2011) . Fog frequency is also high in these coastal forests (Yin and Arp 1994) which are dominated by balsam fir and black spruce and coastal white spruce. The area has a large number of bog and fen wetlands as a result of the high rainfall and humidity (Davis and Browne 1996) . pedicellatum between 2003 and 2012. Since juvenile thalli are smaller and harder to detect than adult thalli, care was taken to search thoroughly for juveniles in good habitat. Study Sites were from Shelburne County in the southwest to Cape Breton County in the northeast, a distance of about 442 km ( Figure 1 ). The mean distance between sites was about 2 km but the distribution was uneven with clusters in Shelburne County, Halifax County and on Cape Breton Island (Richmond and Cape Breton Counties). The survival, health and mortality of all thalli were recorded annually from the time of discovery. The sites were permanently marked by stakes, tagging trees, and recording position using a GPS. Notes were made on the height and orientation of thalli on the trees. The detailed location data ensured that thalli could be consistently re-located. Annual data recorded included size (height and width) and health of individual thalli (% grazing and necrosis, host tree attachment). The number of return visits to each site varied, with the oldest sites visited 6 times and the most recent sites visited only once.
Analyses
Estimated survival of E. pedicellatum was done with the nonparametric Kaplan-Meier procedure (Kaplan and Meier 1958) . In the Kaplan-Meier procedure the survival time is a measure of the interval between an origin and the occurrence of a given event (Lee and Go D r a f t 7 1997). All thalli were monitored from the time of discovery until death or the end of the monitoring period in 2012. Death was recorded when a thallus was found to be dead, or no longer visible. In this statistical treatment, left censoring, also known as staggered entry, occurs when thalli are found after the commencement of the monitoring period. Right censoring occurs when the time of death for some individuals is uncertain. Since the end of the monitoring period was 2012, the time to death of those thalli that did not die during the monitoring period was uncertain, and thus right censored the data. Cumulative survival was calculated separately for juvenile thalli and mature thalli. The log-rank test was used to determine if there was a significant difference between survival of juveniles and adults with a significance level of p=0.05.
The annual population change for Nova Scotia was calculated using the method described in (COSEWIC 2011) . New juveniles discovered as a result of searches were considered recruits to the population. Thalli which could not be relocated or thalli with more than 90% of the surface grazed or necrotic were considered deaths. Annual rate of change at year t was calculated as:
Where At is annual rate of change of the population at end of year t; NJt is number of new juveniles discovered during year t; Dt is the number of deaths that occurred during year t and Pt is the known population at the beginning of year t.
To examine predicted future population changes, a deterministic population viability analysis was done following methods described by Morris et al. (1999) . previously discovered thalli continued to die. Less than half the number of new juveniles (n = 19) were found in comparison with the number of total thalli that died (n = 56) during the monitored period.
The Kaplan-Meier survival functions for juveniles were significantly lower than for mature thalli (p = 0.02) ( Table 1) .
The population experienced an increase in annual rate of change in 2006 and 2007 but there has been an increasing annual decline since then (Figure 3) . The 10-year trend for Nova Scotia was calculated as r = -0.1284.
Population viability analysis suggests the current population will decrease by 49% within 25 years given a λ of 0.98 (Figure 4 , Table 2 ). An increase of fecundity of 25.0 times the current level would be needed to bring the λ to 1.0, while an increase of 1.3 times the current juvenile survival would be required to achieve the same level of λ. Only a small increase (<1.1 times increase) in adult survival would be needed to increase λ to 1.0 but this would be nearly 100%
survival. An increase in survival to 100% of loose-necrotic would not be sufficient to increase λ to 1.0, likely because there are so few thalli in this life stage. Hinds and Hinds (2007) found 9 species of cyanolichen that once occurred in New England have disappeared and consider that two of the main factors responsible for this are air pollution, and the progressive loss of old forests.
Discussion
Although air pollution has been decreasing in Atlantic Canada over the last two decades (CCME 2008), trans-boundary air pollution in the form of acid rain and acid fog is still affecting the environment (CCME 2013). Cyanolichens are extremely sensitive to acid rain (Richardson 1992, Richardson and Cameron 2004) . Acid rain can eventually overwhelm the very limited buffering capacity of balsam fir bark which can become too acid for colonization (Nieboer et al. 1984) .
Acid fog is an even greater problem because droplets have an even lower pH and the lichens remain enveloped for extended periods (Cox et al. 1989; Kouterick et al. 1998 (Cameron and Neily 2008) . The trees may not be old, but the forests have a long history of forest structural continuity (Neily et al. 2004 ). Modelling of habitat in Nova Scotia by Cameron et al. (2013b) suggest there has been a continuing decline in available habitat, at least since 1987. This decline appears to be related to forestry. Forestry adjacent to and within the landscape where E. pedicellatum occurs has been linked to mortality of the lichen. It is likely that adjacent tree harvesting increases wind and solar radiation which leads to drying of the habitat (Cameron et al. 2013a ).
Erioderma pedicellatum is at the southern extent of its range in Nova Scotia (COSEWIC 2002 , Cameron et al. 2010 ) and recent warming trends as a result of climate change may be having an effect on survival. Furthermore, fog frequency along the Atlantic coast of Nova Scotia has declined significantly in past decades (Beauchamp et al. 1998 , Muraca et al. 2001 ) both of which lead to drying of the habitat. Finally, grazing of E. pedicellatum by alien invasive slugs could be affecting survival of mature thalli (Cameron 2009 (Goudie et al. 2011) . Goudie et al. (2011) proposed that E. pedicellatum populations in Newfoundland survived in the past as a K-selected species that had long adult survival. Recent threats to adult survival have affected the population growth rate. This may also apply to the Nova Scotia population. Some Erioderma pedicellatum sites in Nova Scotia have been occupied for 18 years (COSEWIC 2002) and in one case for 25 years (Cameron et al. 2010) .
Unlike, Newfoundland, the population model for Nova Scotia also suggests that improving juvenile survival would also be an efficient way to conserve the population.
Conserving juveniles presents some challenges. Juveniles are small and difficult to find. They are easily dislodged by passing squirrels or birds and a single grazing event by a large invasive gastropod could completely kill an individual. Some research will be required to determine the best way to conserve E. pedicellatum juveniles.
The recent discovery of a large population of E. pedicellatum in Denali Park, Alaska may suggest the world population in not as threatened as was initially thought (Nelson et al. 2009 , Stehn et al. 2013 . Indeed, this discovery increases the known world population almost tenfold.
However, little is known about this population other than an estimate of the population size.
For example, it is unknown if the population is stable, increasing or declining. So far there has been no molecular work to show whether or not the Alaskan population, which grows on the twigs and small branches of Picea glauca, rather than trunks of Abies balsamea, is genetically distinct from the Canadian population (COSEWIC 2014) . Although the world population of E.
pedicellatum may be less threatened, the designation of endangered status for the Atlantic population is supported by this study which suggests the population is small and declining.
D r a f t 13 We suggest that conservation efforts should be focused on adult survival. Areas where adults are common should be even more actively protected from any effects of forestry or other developments that would alter the moist micro-climate required by this lichen. 
